Abstract. Over the past 6 years (1988-1993), we have examined the effects of soil temperature, soil moisture, site fertility, and nitrogen fertilization on the consumption of atmospheric CH 4 by temperate forest soils located at the Harvard Forest in Petersham, Massachusetts. We found that soil temperature is an important controller of CH 4 consumption at temperatures between -5 ø and 10øC but had no effect on CH 4 consumption at temperatures between 10 ø and 20øC. Soil moisture exerts strong control on CH4 consumption over a range of 60 to 100% water-filled pore space (% WFPS). As moisture increased from 60 to 100% WFPS, CH 4 consumption decreased from 0.1 to 0 mg CH4-C m -2 h -1 because of gas transport limitations. At 20 to 60% WFPS, site fertility was a strong controller of CH 4 consumption. High-fertility sites had 2 to 3 times greater CH 4 consumption rates than low-fertility sites. Nitrogen-fertilized soils (50 and 150 kg NH4NO3-N ha '• yr -1 ) had annually averaged CH 4 consumption rates that were 15 to 64% lower than annually averaged CH 4 consumption by control soils. The decrease in CH 4 consumption was related to both the years of application and quantity of nitrogen fertilizer added to these soils.
Water manipulations. We conducted soil moisture manipulation experiments in untreated plots adjacent to the control plots of the Prospect Hill Tract in 1992 and 1993. These experiments were designed to examine the effect of soil moisture on CH 4 consumption. In the summer of 1992, we lowered soil moisture by preventing precipitation from entering three replicate 1 x 1 m plots in the red pine and mixed hardwood stands for 12 weeks. Plastic tarps suspended 2 m above the forest floor prevented rain from directly entering these plots. In separate experiments, soil moistures in six 1 x 1 m plots adjacent to the control portion of the red pine stand were increased by adding 10 cm of groundwater to the forest floor in late summer of 1992 and, again, in the spring and summer of 1993. Plastic tarps suspended above the watered plots prevented precipitation inputs. We measured CH 4 flux, soil temperature, and soil moisture prior to and in a time series after the soil moisture manipulations.
Field Measurements
Prospect Hill tract. Methane fluxes were measured with an in situ static chamber incubation technique [Steudler et al., 1989; Bowden et al., 1990 ] from 1988 to 1993 at the same locations in all treatment and control plots of the chronic nitrogen addition experiment. We sampled three subplots from each treatment (control, low-N, and high-N) in each stand (red pine and mixed hardwood) for a total of 18 chambers. All chambers were sampled at the same time.
We measured CH 4 fluxes twice a month during the 1988 field season (May-December), once a month in the 1989 field season (March-December), and five to seven times in each of the 1990-1993 field seasons. In 1988, CH 4 fluxes were measured every six hours (0600, 1000, 1400, 1800, 2200, and 0200 LT) on each sampling date. In 1989, CH 4 fluxes were measured five times per day (0600, 1000, 1400, 1800, and 2200 LT). In 1990-1993, CH 4 fluxes were measured four times per day (0600, 1000, 1400, and 1800 LT). In this paper, we present monthly averaged CH 4 fluxes computed from all measurements made in each individual month and annually averaged fluxes computed from all measurements made each year.
Soil temperatures were measured with Omega dial thermometers placed at a depth of 5 cm. These measurements were made at the start and end of all of the 30-min incubation periods at one sampling chamber in each treatment plot.
We measured soil moisture of the organic horizon during all gas samplings and the upper 10 cm of mineral soil during 11 of 42 routine gas samplings and all of the moisture manipulation experiments. Average moisture contents for these horizons were determined from three to nine replicate 5. At our study sites, the moisture-induced reduction of CH 4 consumption observed in our water addition experiments [Castro et al., 1994b] has also been observed following precipitation events [Steudler et al., 1989 ]. In these well-drained soils, the duration of the moisture-induced reduction of CH 4 consumption is likely to be affected by the preexisting soil moisture and evapotranspiration rates. We found that it took 24 to 48 hours for soil moisture and CH 4 consumption to return to the pretreatment levels when these soils were relatively dry (20 to 45% WFPS) and had high rates of evapotranspiration before the water addition. When there was less evapotranspiration before bud burst in May 1993, it took 72 to 216 hours to return to pretreatment soil moistures and CH 4 consumption rates. Our results suggest that the moisture-induced reduction of CH 4 consumption observed after our water manipulations and precipitation events is likely to be short-lived (1 to 5 days) when the soils are dry, regardless of the evapotranspiration rate. Although the moisture-induced reduction of CH 4 consumption is short-lived, the frequency at which it occurs under current climatic conditions is not well documented.
Additional studies are necessary do determine (1) the minimum amount of precipitation necessary to cause the reduction, (2) the frequency of these precipitation events, and (3) the time required for these soils to dry down after precipitation events that occur when the soils are relatively wet (greater than 45% WFPS). [Dorr et al., 1993; Striegl, 1993] and (2) spatial variations in site fertility. At low soil moisture, soil texture is an important controller of CH 4 transport because soil texture establishes the maximum possible rate at which CH 4 can be transported from the atmosphere to the subsurface zone of CH 4 consumption. Soil texture, however, could not explain why the coarser textured Tom Swamp soils had lower (2 to 3 times) consumption rates than our finer textured Prospect Hill soils (Table 2 ). In fact, soil texture considerations alone would predict that coarse texture soils should have higher consumption rates. We believe that our results can be explained by spatial variations in site fertility because site fertility affects the activity of the microbial communities in the soil. High-fertility sites, such as the Prospect Hill stands, may have higher consumption rates because they have either a more active population of CH 4 oxidizing bacteria or greater numbers of active CH 4 oxidizing bacteria relative to the lower fertility sites, such as Tom Swamp. Additional support for our hypothesis comes from measurements made at lowfertility soils in Acadia, Maine [Castro et al., 1993] . These soils (Table 3) . These data suggest that inherent site fertility may account for the spatial variations in CH 4 consumption by forest soils with similar soil moistures. Thus we believe that site fertility and soil texture are the most important controllers of CH 4 consumption by forest soils.
Methane consumption was affected by NH4NO3 fertilization. Our fertilized plots always had lower CH 4 consumption than control soils (Figures 1 a and lb, Unlike the results from our NH4NO 3 fertilization study, CH 4 consumption was not suppressed but increased along our fertility gradient. This increase may be because our highest-fertility site had inorganic nitrogen concentrations and/or soil nitrogen dynamics that were not high enough to suppress microbial processes responsible for CH 4 consumption. This suggestion is supported by laboratory studies. Jones and Morita [1983] showed that CH4 oxidation by pure cultures of nitrifying bacteria increased ten-fold as NH 4 concentrations increased from 0 to 10 ppm but was suppressed at NH 4 concentrations above 10 ppm.
An important challenge is to predict how global changes, such as climate, land use, and atmospheric nitrogen deposition, will affect the exchange of greenhouse gases between the atmosphere and biosphere. Global climate models predict that the future climate of New England will have warmer air temperatures (4 ø to 8øC), more precipitation (1 mm d -1) in the winter and less precipitation (2 mm d-1) in the summer [Mitchell et al., 1990 ].
These climate changes may increase the magnitude of the CH 4 sink because (1) warmer temperatures will increase the length of the season for CH 4 consumption and (2) greater CH4 consumption will occur in the summer because of drier soils. This prediction is probably unrealistic because it does not account for other important environmental changes that may occur simultaneously with climate change. For example, fossil fuel use in the future is expected to increase the rates of atmospheric nitrogen deposition to terrestrial ecosystems [Galloway et al., 1994] . Increased nitrogen deposition may lower the ability of these soils to consume atmospheric CH 4. In addition, land use has also been shown to reduce the rates of Thus we need a better understanding of the interactions among climate, nitrogen deposition, and land use to make accurate predictions of changes in the magnitude of the terrestrial CH 4 sink.
